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(57) ABSTRACT

There 1s provided a differential ring oscillation circuit includ-
ing a ditferential ring oscillation unit 1n which delay circuits,
to which signals of 2 phases are mput, and which delay and
output the mput signals of 2 phases, are connected at even
stages 1n a ring form, first and second common-mode level
detection units that detect that the input signals of 2 phases of
one delay circuit at an even stage of the differential ring
oscillation unit and the mput signals of 2 phases of one delay
circuit at an odd stage of the differential ring oscillation unit
are at same predetermined levels, respectively, and first and
second switches that set, to specific potentials, one of the
output signals of 2 phases of the delay circuit delaying the
input signals of 2 phases, when the first and second common-
mode level detection units detect the same predetermined
levels, respectively.
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FIG. 2
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FIG. 5
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DIFFERENTIAL RING OSCILLATION
CIRCUIT, DEVICE, AND OSCILLATION
CONTROL METHOD

BACKGROUND

The present disclosure relates to a differential ring oscilla-
tion circuit, a device including the differential ring oscillation
circuit, and an oscillation control method of controlling the
differential ring oscillation circuait.

A differential ring oscillation circuit including delay cir-
cuits at even stages has been used as a clock generation circuit
in various devices. For example, a differential ring oscillation
circuit including delay circuits at even stages has been used as
a clock generation circuit that supplies a clock to a plurality of
tlip-flops which are included in a wired communication
device and are connected 1n parallel. In the tlip-tlops which
are 1ncluded in the wired communication device and are
connected 1n parallel, a multi-phase clock shifted by 12 period
or V4 period from a reference phase 1s necessary. In an
orthogonal modulator or an orthogonal demodulator included
in a wireless communication device, a multi-phase clock
shifted by ¥4 period from a reference phase 1s also necessary.
When the multi-phase clock shifted by 14 period or V4 period
1s necessary, a differential ring oscillation circuit including
delay circuits at even stages 1s used.

Meanwhile, such an oscillation circuit may enter a state
called deadlock due to an oscillation state fault, and thus a
clock may not be generated 1n some cases.

Japanese Unexamined Patent Application Publication No.
2009-200662 discloses a technology for operating a deadlock
detection circuit and recovering a normal oscillation state in a
phase locked loop (PLL) circuit using an oscillation circuit,

when a frequency of a feedback signal exceeds a threshold
value.

SUMMARY

In the oscillation circuit, 1t 1s necessary to avoid the occur-
rence of the above-described deadlock. However, 1n practice,
deadlock may easily occur due to an oscillation state fault, as
an integrated circuit 1n which an oscillation circuit 1s embed-
ded 1s minmiaturized and a power voltage 1s lowered.

In the related art, as disclosed in Japanese Unexamined
Patent Application Publication No. 2009-200662, the dead-
lock detection circuit 1s provided to take countermeasures
when 1t 1s detected that deadlock occurs. However, an oscil-
lation circuit which can stably be activated by avoiding the
occurrence of deadlock 1s preferable.

It 1s desirable to provide a differential ring oscillation cir-
cuit, a device, and an oscillation control method capable of
avoiding occurrence of deadlock.

According to an embodiment of the present disclosure,
there 1s provided a differential ring oscillation circuit includ-
ing a differential ring oscillation unit 1n which delay circuits
delaying and outputting input signals of 2 phases are con-
nected at even stages i a ring form. The differential ring
oscillation circuit further includes first and second common-
mode level detection units that are connected to the delay
circuits of the differential ring oscillation unit; and first and
second switches that are controlled by the common-mode
level detection units, respectively.

The first common-mode level detection unit detects that the
input signals of 2 phases of one delay circuit at an even stage
of the differential ring oscillation unit are at the same prede-
termined level.
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The second common-mode level detection unit detects that
the 1nput signals of 2 phases of one delay circuit at an odd
stage of the differential ring oscillation unit are at the same
predetermined level.

When the first common-mode level detection unit detects
the same predetermined level, the first switch sets, to a spe-
cific potential, one of the output signals of 2 phases of the
delay circuit delaying the input signals of 2 phases.

When the second common-mode level detection unit
detects the same predetermined level, the second switch sets,
to the specific potential, one of the output signals of 2 phases
of the delay circuit delaying the input signals of 2 phases.

According to another embodiment of the present disclo-
sure, there 1s provided a device including a differential ring
oscillation unit 1n which delay circuits delaying and output-
ting input signals of 2 phases are connected at even stages in
a ring form; and a processing unit that 1s supplied with the
signals extracted from the differential ring oscillation unit as
a clock.

The device further includes first and second common-
mode level detection umits that are connected to the delay
circuits of the differential ring oscillation unit; and first and
second switches that are controlled by the common-mode
level detection units, respectively.

The first common-mode level detection unit detects that the
input signals of 2 phases of one delay circuit at an even stage
of the differential ring oscillation unit are at the same prede-
termined level.

The second common-mode level detection unit detects that
the 1input signals of 2 phases of one delay circuit at an odd
stage of the differential ring oscillation unit are at the same
predetermined level.

When the first common-mode level detection unit detects
the same predetermined level, the first switch sets, to a spe-
cific potential, one of the output signals of 2 phases of the
delay circuit delaying the input signals of 2 phases.

When the second common-mode level detection unit
detects the same predetermined level, the second switch sets,
to the specific potential, one of the output signals of 2 phases
of the delay circuit delaying the input signals of 2 phases.

According to still another embodiment of the present dis-
closure, there 1s provided an oscillation control method
including extracting input signals of 2 phases of one delay
circuit at an even stage from a differential ring oscillation unit
in which delay circuits delaying and outputting the signals of

2 phases are connected at even stages in a ring form; and
extracting input signals of 2 phases of one delay circuit at an
odd stage of the differential ring oscillation unait.

When 1t 15 detected that the input signals of 2 phases are at
the same predetermined level, a process of setting one of the
output signals of 2 phases of the delay circuit delaying the
input signals of 2 phases to a specific potential 1s performed.

When 1t 1s detected that the input signals of 2 phases are at
the same predetermined level, a process of setting one of the
output signals of 2 phases of the delay circuit delaying the
input signals of 2 phases to the specific potential 1s performed.

According to the embodiments of the present disclosure,
one of the output signals of 2 phases of the delay circuits 1s
forcibly set to the specific potential, when the input signals of
2 phases of the delay circuits connected to the even stages 1n
the ring form are at the same predetermined level. The process
of forcibly setting one of the output signals to the specific
potential at the time of the common-mode state 1s performed
by each of the delay circuits at even stages and the delay
circuits at odd stages. Therefore, even when the signals are
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common-mode at one of a high level and a low level, the
differential ring oscillation unit 1s activated 1n a normal oscil-
lation state.

According to the embodiments of the present disclosure,
the detecting of the common-mode level state 1s performed by
cach of the delay circuits at even stages and the delay circuits
at odd stages. Thus, even 1n any common-mode level, the
differential ring oscillation unit 1s activated in the normal
oscillation state. Therefore, according to the embodiments of
the present disclosure, a deadlock state can be efliciently
avoided.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a circuit diagram illustrating an example of the
configuration according to an embodiment of the present
disclosure:

FI1G. 2 1s a circuit diagram 1llustrating an example 1n which
an adder 1s used 1n a common-mode level detection unit 1n
FIG. 1;

FIG. 3 includes timing diagrams A to F illustrating an
example (first example) of an activation operation according
to an embodiment of the present disclosure;

FIG. 4 includes timing diagrams A to F illustrating an
example (second example) of an activation operation accord-
ing to the embodiment of the present disclosure;

FI1G. 5 1s a circuit diagram illustrating the activation circuit
according to a modified example (example 1);

FIG. 6 1s a circuit diagram illustrating the activation circuit
according to a modified example (example 2);

FI1G. 7 1s a circuit diagram illustrating the activation circuit
according to a modified example (example 3); and

FIG. 8 1s a circuit diagram illustrating an example of a

delay circuit included 1n an oscillation circuit in the example
of FIG. 7.

DETAILED DESCRIPTION OF TH
EMBODIMENTS

(Ll

Hereinatter, preferred embodiments of the present disclo-
sure will be described 1n detail with reference to the appended
drawings. Note that, 1n this specification and the appended
drawings, structural elements that have substantially the same
function and structure are denoted with the same reference
numerals, and repeated explanation of these structural ele-
ments 1s omitted.

Examples of a differential ring oscillation circuit, a device,
and an oscillation control method according to an embodi-
ment of the present disclosure will be described with refer-
ence to the drawings. The description will be made 1n the
tollowing order.

1. Exemplary Embodiment (FIGS. 1 to 4)

Modified example 1 of Activation Circuit (FIG. 5)
Modified example 2 of Activation Circuit (FIG. 6)
Modified example 3 of Activation Circuit (FIGS. 7 and

2.
3.
4.

8)

5. Other Modified examples
[1. Embodiment]

FIG. 1 1s a diagram 1llustrating an example of the configu-
ration of a device including a differential ring oscillation
circuit 10 according to an embodiment of the present disclo-
sure.

The differential ring oscillation circuit 10 1s a circuit in
which four delay circuits 11, 12, 13, and 14 are connected in
a ring form so that an oscillation signal with a predetermined
frequency can be obtained. The delay circuits 11 to 14 each
delay and output signals 2 phases with mutually different
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levels. Here, the amounts of delay of the signals in the delay
circuits 11 to 14 are set to be the same. The oscillation fre-
quency of the differential ring oscillation circuit 10 1s deter-
mined based on the amount of delay of each of the delay
circuits 11 to 14 and the number of stages at which the delay
circuits 11 to 14 are connected.

A case 1n which the delay circuits 11 to 14 each output the
signals of 2 phases with mutually different levels 1s a case of
a right operation state. When the oscillation circuit 1s not
normal, the levels of the signals of 2 phases are the same in
sOme cases.

Connection of the delay circuits 11 to 14 1llustrated in FIG.
1 will be described.

A signal CP0 output from one output terminal YP of the
delay circuit 11 1s supplied to one input terminal CP of the
delay circuit 12 at the subsequent stage. A signal CNO output
from the other output terminal YN of the delay circuit 11 1s
supplied to the other input terminal CN of the delay circuit 12
at the subsequent stage.

Then, a signal CP1 output from one output terminal YP of
the delay circuit 12 1s supplied to one input terminal CP of the
delay circuit 13 at the subsequent stage. A signal CN1 output
from the other output terminal YN of the delay circuit 12 1s
supplied to the other input terminal CN of the delay circuit 13
at the subsequent stage.

Then, a signal CP2 output from one output terminal YP of
the delay circuit 13 1s supplied to one input terminal CP of the
delay circuit 14 at the subsequent stage. A signal CN2 output
from the other output terminal YN of the delay circuit 13 1s
supplied to the other input terminal CN of the delay circuit 14
at the subsequent stage.

Then, a signal CP3 output from one output terminal YP of
the delay circuit 14 at the final stage 1s supplied to the input
terminal CN of the delay circuit 11 at the first stage. A signal
CN3 output from the other output terminal YN of the delay
circuit 14 1s supplied to the input terminal CP of the delay
circuit 11 at the first stage.

Thus, from the delay circuit 11 at the first stage to the delay
circuit 14 at the fourth stage, the output signals CP0, CP1, and
CP2 are supplied to the same-phase mput terminals CP with-
out change, and the output signals CN0, CN1, and CN2 are
supplied to the common-mode 1nput terminals CP without
change. The signals CP3 and CN3 output from the two output
terminals YP and YN of the delay circuit 14 at the final stage
are supplied to the mput terminals CP and CN of the delay
circuit 11 at the first stage 1n an iverted state.

Thus, by connecting the delay circuits 11 to 14 at the four
stages 1n this way, the delay circuits 11 to 14 output oscillation
signals whose phases are each shifted by 5. That 1s, when the
phase of the output signals CP0 and CNO of the delay circuit
11 at the first stage 1s set to the reference phase, the output
signals CP1 and CN1 of the delay circuit 12 at the second
stage become signals in which a phase 1s shifted by 14 period.
The output signals CP2 and CN2 of the delay circuit 13 at the
third stage become signals 1n which a phase 1s shufted by %4
period from the reference phase. The output signals CP3 and
CN3 of the delay circuit 14 at the fourth stage become signals
in which a phase 1s shifted by 3% period from the reterence
phase.

The oscillation signal with each phase in the differential
ring oscillation circuit 10 1s supplied to each circuit 1n an
clectronic device (apparatus). FIG. 1 illustrates an example 1n
which the differential ring oscillation circuit 1s applied to a
reception device 30 that recerves a high-speed seral signal.
The reception device includes a differential amplification
circuit 33 that amplifies signals supplied from transmission
lines to input terminals 31 to 32. The reception device further
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includes a plurality of flip-flops 34 to 37 that sample a serial
signal output by the differential amplification circuit 33 at a
multi-phase clock, and a serial/parallel conversion circuit 38
that parallel-converts the signal sampled by the flip-flops 34
to 37. The signal parallel-converted by the serial/parallel con-
version circuit 38 can be obtained from the output terminal
39.

The differential ring oscillation circuit 10 supplies the plu-
rality of thip-tlops 34 to 37 with the output signals CP0 and
CNO of the delay circuit 11 at the first stage and the output
signals CP2 and CN2 of the delay circuit 13 at the third stage.
Thus, by supping the signals CP0 and CNO and the signals
CP2 and CN2 in this way, the plurality of flip-flops 34 to 37
are supplied with the oscillation signals whose phases are
cach shifted by V4 period. The plurality of flip-flops 34 to 37
perform a reception process using the oscillation signals as a
clock.

When a signal whose phase 1s shifted by s period or 34
period from the reference phase 1s necessary, the plurality of
tlip-flops 34 to 37 are supplied with the output signals CP1
and CN1 of the delay circuit 12 at the second stage or the
output signals CP3 and CN3 of the delay circuit 14 at the
fourth stage.

The differential ring oscillation circuit 10 illustrated in
FIG. 1 includes an activation circuit 20. The activation circuit
20 activates the differential ring oscillation circuit 10. The
activation circuit 20 1llustrated in FIG. 1 includes a common-
mode level detection unit 21 that 1s supplied with the two
output signals CP0 and CNO of the delay circuit 11 at the first
stage, and a common-mode level detection unit 22 that 1s
supplied with the two output signals CP1 and CN1 of the
delay circuit 12 at the second stage. Each of the common-
mode level detection units 21 and 22 detects whether the
supplied two signals (CP0 and CNO or CP1 and CN1) are at
the same level. When 1t 1s detected that the signals supplied to
the common-mode level detection units 21 and 22 have a
predetermined level at the same phase, switches SW1 and
SW2 are turned on by output signals CM0 and CM1 of the
common-mode level detection units 21 and 22.

For example, the common-mode level detection unit 21
turns on the switch SW1 by the output signal CM1, when the
supplied two signals CP0 and CNO have the same specific
level (a high level or a low level). Further, the common-mode
level detection unit 22 turns on the switch SW2 by the output
signal CM1 when the supplied two signals CP1 and CN1 have
the same specific level (the high level or the low level).

The switch SW1 1s a switch that connects one output signal
CP1 of the delay circuit 12 at the second stage to a ground
potential unit. Accordingly, when the switch SW1 1s 1n the
ON state, the output signal CP1 forcibly becomes a ground
potential.

The switch SW2 1s a switch that connects one output signal
CP2 of the delay circuit 13 at the third stage to a ground
potential unit. Accordingly, when the switch SW2 1s in the
ON state, the output signal CP2 forcibly becomes a ground
potential.

FIG. 2 1s a diagram 1illustrating a specific example of the
configuration of the common-mode level detection units 21
and 22 included 1n the activation circuit 20 illustrated in FIG.
1.

FIG. 2 1llustrates an example in which adders 21a and 224
are used as the common-mode level detection umits 21 and 22.
That 1s, the adder 21a 1s supplied with the two output signals
CPO0 and CNO of the delay circuit 11 at the first stage of the
differential ring oscillation circuit 10. Further, the adder 22a
1s supplied with the two output signals CP1 and CN1 of the
delay circuit 12 at the second stage.
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When the supplied two signals CP0 and CNO or CP1 and
CN1 are both at a low level “L,” the adder 21a or 224 outputs
the low level “L.” When one or both of the signals CP0 and
CNO or CP1 and CN1 are at a high level “H,” the adder 21a or
22a outputs the high level “H.”

When the signals with the low level “L” are supplied from
the adders 21a and 22a, the switches SW1 and SW2 are
turned on. When the signals with the high level “H” are
supplied, the switches SW1 and SW2 are turned off.

FIGS. 3A to 3F and 4A to 4F are timing diagrams 1llustrat-
ing examples at the time of the activation of the differential
ring oscillation circuit 10, when the adders 21a and 22a
illustrated 1n FIG. 2 are used as the common-mode level
detection units 21 and 22. FIGS. 3A to 3F and 4A to 4F
illustrate examples 1n which the signal levels are inverted.

In the example of FIGS. 3A to 3F, at a given time T11, the
two output signals CP0 and CNO (FIG. 3A) of the delay
circuit 11 1n the first stage are both common-mode at the low
level “L.” In this state, the two output signals CP1 and CN1
(FI1G. 3B) of the delay circuit 12 at the second stage become
the high level “H.” The two output signals CP2 and CN2 (FIG.
3C) of the delay circuit 13 at the third stage become the low
level “L.” The two output signals CP3 and CN3 (FIG. 3D) of
the delay circuit 14 at the fourth stage become the high level
1

In the state of time T11, since the two signals are common-
mode, the levels of the output signals of the delay circuits 11
to 14 in the differential ring oscillation circuit 10 do not
change and the oscillation signals are not output.

Here, at time T11, since the signals CP0 and CNO are both
at the low level “L.,” the adder 214 1n the activation circuit 20
outputs a low level “L” signal (FIG. 3E) and the switch SW1
1s thus turned on. At time T11, since the signals CP1 and CN1
are both at the high level “H,” the adder 22q in the activation
circuit 20 1s changed so as to output the high level “H” (FIG.
3F) and the switch SW2 1s thus switched to the OFF state.

As 1llustrated 1n FIG. 3B, one output signal CP1 of the
delay circuit 12 at the second stage 1s changed from the high
level “H” to the low level “L” according to the state of the
switches SW1 and SW2. Accordingly, at a time T12 some-
time after time T11, the two signals CP1 and CN1 supplied
from the delay circuit 12 at the second stage to the delay
circuit 13 at the third stage change from common-mode level
signals to differential signals.

Thus, when the differential signals are output, as illustrated
in FIGS. 3C and 3D, the delay circuit 13 at the third stage and
the delay circuit 14 at the fourth stage sequentially output
differential signals. As illustrated in FI1G. 3A, the delay circuit
11 at the first stage supplied with the output signals CP3 and
CN3 of the delay circuit 14 at the fourth stage output differ-
ential signals.

As illustrated i FI1G. 3E, at a time T13 at which the delay
circuit 11 at the first stage outputs the differential signals, the
output signal CMO of the adder 21« 1s changed from the low
level “L”” to the high level “H” and the switch SW1 1s thus
switched to the OFF state.

By performing the activation process 1llustrated 1n FIGS.
3 A to 3F, the delay circuits 11 to 14 at the respective stages
delay the differential signals by only a given time and output
the delayed differential signals, and thus the differential ring
oscillation circuit 10 stably performs the oscillation opera-
tion.

FIGS. 4A to 4F illustrate common-mode level states 1n
which the states of FIGS. 3A to 3F of the output signals of the
delay circuits 11 to 14 at the respective stages are mverted.

That 1s, at a given time T21, both of the two output signals

CP0O and CNO (FIG. 4A) of the delay circuit 11 at the first
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stage are common-mode at the high level “H.” In this state, the
two output signals CP1 and CN1 (FIG. 4B) of the delay circuit
12 at the second stage become the low level “L.” The two
output signals CP2 and CN2 (FIG. 4C) of the delay circuit 13
at the third stage become the high level “H.” The two output
signals CP3 and CN3 (FIG. 4D) of the delay circuit 14 at the
fourth stage become the low level “L.”

In the state of a time 121, since the two signals are at the
common-mode level, the levels of the output signals of the
delay circuits 11 to 14 in the differential ring oscillation
circuit 10 are not changed and the oscillation signals are not
output.

Here, at time T21, since the signals CP0 and CNO are both
at the high level “H,” the adder 21qa 1n the activation circuit 20
1s changed so as to output a high level “H” signal (FIG. 4E)
and the switch SW1 1s thus switched to the OFF state. At time
121, since the signals CP1 and CN1 are both at the low level
“L,” the adder 22a 1n the activation circuit 20 outputs the low
level “L”" signal (F1G. 4F) and the switch SW2 thus remains 1n
the ON state.

As 1llustrated in FIG. 4C, one output signal CP2 of the
delay circuit 13 at the third stage 1s changed from the high
level “H” to the low level “L” according to the state of the
switches SW1 and SW2. Accordingly, at a time T22 some-
time after time 121, the two signals CP2 and CN2 supplied
from the delay circuit 13 at the third stage to the delay circuit
14 at the fourth stage are changed from the common-mode
level signals to ditferential signals.

Thus, when the differential signals are output, as 1llustrated
in FI1G. 4D, the delay circuit 14 at the fourth stage outputs the
differential signals. Further, when the differential signals are
supplied, as illustrated in FIGS. 4A and 4B, the delay circuit
11 at the first stage and the delay circuit 12 at the second stage
sequentially output the differential signals.

As 1llustrated in FI1G. 4F, at a time 123 at which the delay
circuit 12 at the second stage outputs the differential signals,
the output signal CMO of the adder 22a 1s changed from the
low level “L” to the high level “H” and the switch SW2 1s thus
switched to the OFF state.

By performing the activation process illustrated in FIGS.
4 A to 4F, the delay circuits 11 to 14 at the respective stages
delay the differential signals by only a given time, and output
the delayed differential signals, and thus the differential ring
oscillation circuit 10 stably performs the oscillation opera-
tion.

Thus, 1n the differential ring oscillation circuit 10 accord-
ing to the embodiment of the present disclosure, the activation
circuit 20 can perform the activation 1n the stable oscillation
state by performing the process of detecting that two output
signals of the delay circuits at the respective stages are at the
common-mode level and forcibly setting the output signals to
the differential signals using the switches. In particular, the
actvation circuit 20 according to the embodiment of the
present disclosure includes the common-mode level detec-
tion unit 21 that detects an output of the delay circuit 11 at an
odd stage, and the common-mode level detection unit 22 that
detects an output of the delay circuit 12 at an even stage. Thus,
it 1s possible to obtain the advantage that countermeasures can
be taken even when signals become the common-mode level
at one phase. That 1s, when the differential ring oscillation
circuit 10 1s not in the oscillation state, the state 1llustrated 1n
FIGS. 3A to 3F and the state in which each output signal 1s the
inverse of the example of FIG. 3 are assumed. However, 1n
either case, the activation circuit 20 can activate the differen-
tial ring oscillation circuit 10 1n the stable oscillation state.

Therefore, 1n the differential ring oscillation circuit 10
according to the embodiment of the present disclosure, even
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8

when the outputs of the delay circuits 11 to 14 are temporarily
in the common-mode level state, a deadlock state 1n which
oscillation may not be performed can be efficiently avoided,
and thus the oscillation state 1s maintained. Thus, for
example, even when the oscillation state 1s disturbed due to
disturbance noise of a power voltage by which the oscillation
circuit 1s driven, the differential ring oscillation circuit 10 can
continuously generate a clock stably.

2. Modified Example 1 of Activation Circuit

Next, Modified example 1 of the activation circuit 20
included 1n the differential ring oscillation circuit 10 accord-
ing to the embodiment of the present disclosure will be
described with reference to FIG. 5.

In the activation circuit 20 illustrated 1n FIG. 5, the com-
mon-mode level detection units 21 and 22 and the switches
SW1 and SW2 are configured as switching elements (transis-
tors) and current sources.

When the circuit 1s described with reference to FIG. 5, two
output signals CP0 and CNO of the delay circuit 11 at the first
stage of the differential ring oscillation circuit 10 are supplied
to the gates of different transistors M1 and M2, respectively.
A gap between the drain and the source of each of the tran-
sistors M1 and M2 are connected 1in parallel between a ground
potential portion and a signal line from which a power voltage
Ve can be obtained. In this case, 1in the transistors M1 and
M2, a current source Ipl 1s connected to a side to which the
power voltage Vcc 1s applied, and a current source Inl 1s
connected to a ground potential side.

A connection point of the current source Ipl and the tran-
sistors M1 and M2 1s connected to the gate of a transistor M3.
A gap between the drain and the source of the transistor M3 1s
connected between the ground potential portion and a signal
line from which one output signal CP1 of the delay circuit 12
at the second stage can be obtained. The transistor M3 corre-
sponds to the switch SW1 illustrated 1n FIG. 1.

Two output signals CP1 and CN1 of the delay circuit 12 at
the second stage of the differential ring oscillation circuit 10
are supplied to the gates of different transistors M4 and M35,
respectively. A gap between the drain and the source of each
ol the transistors M4 and M5 i1s connected 1n parallel between
the ground potential portion and the signal line from which a
power voltage Vcc can be obtained. In this case, 1n the tran-
sistors M4 and M5, a current source Ip2 1s connected to a side
to which the power voltage Vcc 1s applied, and the current
source Inl 1s connected to the ground potential side.

A connection point of the current source Ip2 and the tran-
sistors M4 and M3 1s connected to the gate of a transistor M6.
A gap between the drain and the source of the transistor M6 1s
connected between the ground potential portion and a signal
line from which one output signal CP2 of the delay circuit 13
at the third stage can be obtained. The transistor M6 corre-
sponds to the switch SW2 illustrated 1n FIG. 1.

By setting the circuit 1llustrated 1n FIG. 5 as the activation
circuit 20, the activation operation can be performed satisiac-
torily.

When an operation of the activation circuit 20 illustrated in
FIG. § 1s described, for example, the output signals CPO,
CNO, CP2, and CN2 of the delay circuits 11 and 13 at the odd
stages are assumed to be all at the low level “L” immediately
alter the activation of the differential ring oscillation circuit
10. Further, the output signals CP1, CN1, CP3, and CN3 of
the delay circuits 12 and 14 at the even stages are assumed to
be all the high level “H” signals.

Here, on the assumption that Ip 1s a current value of the
current sources Ipl and Ip2, and In 1s a current value of the
current source Inl, the relation “current value Ip<<a current
value In/2”" 1s assumed to be satisfied. That 1s, a current value
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of Y2 of the current value In 1s assumed to be sulficiently
greater than the current value Ip. At this time, since the output
signals CP0 and CNO of the delay circuit 11 at the first stage
are both at the low level “L.,” a signal CM0' obtained from the
gate of the transistor M3 corresponding to the switch SW1

becomes the high level “H.”

Further, since the output signals CP1 and CN1 of the delay
circuit 12 at the second stage are both at the high level “H.,” a
signal CM1' obtained from the gate of the transistor M6
corresponding to the switch SW2 becomes the low level “L.”

Therefore, the transistor M3 1s turned on and the transistor
M6 1s turned off. When the transistor M3 1s turned on, the
output signals CP1 and CN1 of the delay circuit 12 at the
second stage are changed from the common-mode level sig-
nals to the differential signals. Thus, the differential signals
are sequentially transmitted from the delay circuit 12 to the
delay circuits 13 and 14 at the rear stages, and the differential
signals are also transmitted to the delay circuit 11 at the first

stage.

Here, when the output signals CP0 and CNO of the delay
circuit 11 at the first stage are changed to the differential
signals, the signal CM0' obtained from the gate of the tran-
s1stor M3 becomes the low level “L”” and the transistor M3 1s
thus turned off. When the transistor M3 1s turned off, the
differential ring oscillation circuit 10 1s stabilized 1n the oscil-
lation state. When the differential ring oscillation circuit 10 1s
in the oscillation state, the transistors M3 and M6 correspond-
ing to the switches SW1 and SW2 are both 1n the OFF state
and have no influence on the oscillation operation.

When the levels of the output signals of the delay circuits
11 and 13 at the odd stages are the inverse of the levels of the
output signals of the delay circuits 12 and 14 at the even
stages, the transistor M6 corresponding to the switch SW2 1s
turned on, and thus the activation circuit 20 can likewise
activate the differential ring oscillation circuit 10.

Accordingly, the activation circuit 20 using the transistors
M1 to M6 and the like illustrated 1n FIG. 5 can reliably
activate the differential ring oscillation circuit 10 from the
state 1n which the output signals of the delay circuits 11 to 14
at the respective stages of the differential ring oscillation
circuit 10 become the common-mode level.

3. Modified Example 2 of Activation Circuit

Next, Modified example 2 of the activation circuit 20
included 1n the differential ring oscillation circuit 10 accord-
ing to the embodiment of the present disclosure will be
described with reference to FIG. 6. FIG. 6 1s a diagram 1llus-

trating an example in which NOR gate circuits 215 and 225
are used as the common-mode level detection units 21 and 22
of the activation circuit 20.

That 1s, two output signals CP0 and CNO of the delay
circuit 11 at the first stage of the differential ring oscillation
circuit 10 are supplied to the NOR gate circuit 215. Further,
two output signals CP1 and CN1 of the delay circuit 12 at the
second stage are supplied to the NOR gate circuit 225,

The NOR gate circuits 215 and 225 each output the high
level “H” when the supplied two signals CP0 and CN0 and the
supplied two signals CP1 and CNI1 are both at the low level
« >

Then, the switch SW1 1s controlled by a signal CM0' output
by the NOR gate circuit 215, and the switch SW2 is controlled
by a signal CM1' output by the NOR gate circuit 225. Spe-
cifically, each of the switches SW1 and SW2 1s turned on
when each of the NOR gate circuits 215 and 225 outputs the
high level “H.” Each of the switches SW1 and SW2 is turned
off when each of the NOR gate circuits 215 and 225 outputs
the low level “L.”
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When an operation of the activation circuit 20 illustrated in
FIG. 6 1s described, for example, the output signals CPO,
CNO, CP2, and CN2 of the delay circuits 11 and 13 at the odd

stages are assumed to be all at the low level “L” immediately
after the activation of the differential ring oscillation circuit
10. Further, the output signals CP1, CN1, CP3, and CN3 of

the delay circuits 12 and 14 at the even stages are assumed to
be all at the high level “H.”

At this time, since the output signals CP0 and CNO of the
delay circuit 11 at the first stage are both at the low level “L.,”
a signal CMO' configured to control the switch SW1 becomes

the high level “H.”

Further, since the output signals CP1 and CN1 of the delay
circuit 12 at the second stage are both at the high level “H.,” a
signal CM1' configured to control the switch SW2 becomes
the low level “L.”

Theretfore, the switch SW1 1s turned on and the switch
SW?2 1s turned off. When the switch SW1 1s turned on, the
output signals CP1 and CN1 of the delay circuit 12 at the
second stage are changed from the common-mode level sig-
nals to the different signals. Thus, the differential signals are
sequentially transmitted from the delay circuit 12 to the delay
circuits 13 and 14 at the rear stages, and the differential
signals are also transmitted to the delay circuit 11 at the first
stage.

Here, when the output signals CP0 and CNO of the delay
circuit 11 at the first stage are changed to the differential
signals, the switch SW1 1s thus switched to the OFF state.
When the switch SW1 1s turned off, the differential ring
oscillation circuit 10 1s stabilized 1n the oscillation state.
When the differential ring oscillation circuit 10 1s in the
oscillation state, the switches SW1 and SW?2 are both in the
OFF state and have no influence on the oscillation operation.

When the levels of the output signals of the delay circuits
11 and 13 at the odd stages are the inverse of the levels of the
output signals of the delay circuits 12 and 14 at the even
stages, the switch SW2 i1s turned on, and thus the activation
circuit 20 can likewise activate the differential ring oscillation
circuit 10.

Accordingly, the activation circuit 20 using the NOR gate
circuits 215 and 225 1llustrated 1n FIG. 6 can reliably activate
the differential ring oscillation circuit 10 from the state in
which the output signals of the delay circuits 11 to 14 at the
respective stages of the differential ring oscillation circuit 10
become the common-mode level.

4. Modified Example 3 of Activation Circuit

Next, Modified example 3 of the activation circuit 20
included 1n the differential ring oscillation circuit 10 accord-
ing to the embodiment of the present disclosure will be
described with reference to FIGS. 7 and 8.

In a differential ring oscillation circuit 10' 1llustrated 1n
FIG. 7, each of delay circuits 11' to 14' 1s configured as a
current mode logic including a current source and the low
level “L”” signal output by each of the delay circuits 11' to 14'
1s set to a specific potential higher than a ground potential.

In this case, each of the delay circuits 11' to 14" 1llustrated
in FIG. 7 1s assumed to be, for example, a circuit illustrated 1n
FIG. 8.

That s, as 1llustrated 1n FIG. 8, each of the delay circuits 11
to 14' includes transistors M21 and M22. Signals obtained
from two mput terminals CP and CN are separately supplied
to the gates of the transistors M21 and M22.

Then, a signal line from which a power voltage Vcc 1s
obtained 1s connected to a current source Ia via a resistor R1
and a gap between the drain and the source of the transistor
M21. Further, the signal from which a power voltage Vcc 1s
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obtained 1s connected to a current source Ia via a resistor R2
and a gap between the drain and the source of the transistor
M22.

A signal obtained from a connection point between the
resistor R1 and the transistor M21 1s supplied to an output
terminal YP, and a signal obtained from a connection point
between the resistor R2 and the transistor M22 1s supplied to
an output terminal YN.

A signal obtained from a connection point among the tran-
sistors M21 and M22 and the current source la 1s supplied to
an output terminal VS.

Each of the delay circuits 11' to 14' configured as the circuit
illustrated 1n FIG. 8 becomes a specific potential correspond-
ing to a current value set in the current source Ia, when the
signals obtained from the output terminals YP and YN are at
the low level “L.”

Referring back to the description of FIG. 7, an activation
circuit 20' connected to the differential ring oscillation circuit
10" illustrated . FIG. 7 1s a circuit to which the activation
circuit 20 including the transistors M1 to M6 and the current
sources Ipl, Ip2, and Inl 1llustrated 1n FI1G. 5 15 applied.

Here, 1n the case of the activation circuit 20 illustrated 1n
FIG. 5, when the transistor M3 corresponding to the switch
SW1 1s 1n the ON state, the signal line from which the signal
CP1 1s obtained 1s configured to be connected to the ground
potential portion. On the other hand, in the case of the acti-
vation circuit 20' 1llustrated in FIG. 7, when the transistor M3
corresponding to the switch SW1 1s in the ON state, the signal
line from which the signal CP1 1s obtained 1s configured to be
connected to the output terminal VS of the delay circuit 12'.

Likewise, when the transistor M6 corresponding to the
switch SW2 1s 1n the ON state, the signal line from which the
signal CP2 1s obtained 1s configured to be connected to the
output terminal VS of the delay circuit 13"

The remaining configuration of the activation circuit 20" 1s
configured to be the same as that of the activation circuit 20
illustrated in FIG. 5.

In the case of the activation circuit 20' 1llustrated in FIG. 7,
when the transistor M3 or M6 1n the activation circuit 20' 1s
turned on, the signal CP1 or CP2 becomes the same potential
as the low level “L” of the signal output by each of the delay
circuits 11'to 14'. Accordingly, when the activation circuit 20
performs the activation operation, the signal level 1s set appro-
priately. Thus, the same activation operation as that of the
activation circuit 20 illustrated 1n FIG. 5 can be performed.
5. Other Modified Examples

The differential nng oscillation circuit 10 (or 10') illus-
trated 1n each drawing has been configured to include the
delay circuits 11 to 14 (or 11' to 14') at four stages and extract
the oscillation signals 1n which each phase 1s shifted by 3
period. On the other hand, a differential ring oscillation cir-
cuit 1n which delay circuits at even stages other than four
stages are connected may include the activation circuit 20 (or
20" according to the embodiment of the present disclosure.

That 1s, the differential ring oscillation circuit including the
delay circuits at the even stages detects that two signals output
by one delay circuit at an odd stage are at the common-mode
level, and detects that two signals output by one delay circuit
at an even stage are at the common-mode level. It 1s detected
that two signals output by one delay circuit at an even stage
are at the common-mode level. Then, based on the detection
of each common-mode level state, the activation 1s performed
using differential signals by changing the level of one of the
two signals output by one delay circuit.

By performing such an operation, the differential ring
oscillation circuit including the delay circuits at various num-
bers of stages performs oscillation stably.
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The differential ring oscillation circuit 10 illustrated 1n
FIG. 1 has been configured as a clock generation circuit
included in the device recerving a high-speed serial signal. On
the other hand, the activation circuit 20 or 20" according to the
embodiment of the present disclosure may be applied to an
oscillation circuit included 1n a device that includes other
various signal processing units.

Additionally, the present disclosure may also be config-
ured as below.

(1)
A differential ring oscillation circuit including:

a differential ring oscillation unit 1n which delay circuits, to
which signals of 2 phases are input, and which delay and
output the mput signals of 2 phases, are connected at even
stages 1n a ring form;

a first common-mode level detection unit that detects that
the input signals of 2 phases of one delay circuit at an even
stage of the differential ring oscillation unit are at a same
predetermined level,;

a first switch that sets, to a specific potential, one of the
output signals of 2 phases of the delay circuit delaying the
input signals of 2 phases, when the first common-mode level
detection unit detects the same predetermined level;

a second common-mode level detection unit that detects
that the input signals of 2 phases of one delay circuit at an odd
stage of the differential ring oscillation unit are at the same
predetermined level; and

a second switch that sets, to the specific potential, one of
the output signals of 2 phases of the delay circuit delaying the
input signals of 2 phases, when the second common-mode
level detection unit detects the same predetermined level.
(2)

The differential ring oscillation circuit according to (1),

wherein the specific potential set by the first and second

switches 1s a ground potential.

(3)

The differential ring oscillation circuit according to (1) or (2),

wherein the first and second common-mode level detection

units are configured as adders that add the mnput signals of 2

phases.

(4)

The differential ring oscillation circuit according to (1) or (2),
wherein the first and second common-mode level detection

units include first and second transistors that are turned on or

off according to levels of the mput signals of respective

phases, and

wherein the first and second switches include a third tran-
sistor that 1s turned on when states of both of the first and
second transistors are 1dentical.

()

The differential ring oscillation circuit according to (1) or (2),
wherein the first and second common-mode level detection
units are configured as NOR gates.

(6)

The differential ring oscillation circuit according to any one
of (1) to (5),

wherein the delay circuits included 1n the differential ring
oscillation units are configured as current mode logics includ-
ing a current source, and

wherein the specific potential set by the first and second
switches 1s a potential of the current source.

(7)
A device 1including:

a differential ring oscillation unit 1n which delay circuits, to
which signals of 2 phases are mput, and which delay and
output the mput signals of 2 phases, are connected at even
stages 1n a ring form;
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a first common-mode level detection unit that detects that
the mput signals of 2 phases of one delay circuit at an even
stage of the differential ring oscillation unit are at a same
predetermined level;

a first switch that sets, to a specific potential, one of the
output signals of 2 phases of the delay circuit delaying the
input signals of 2 phases, when the first common-mode level
detection unit detects the same predetermined level;

a second common-mode level detection unit that detects
that the input signals of 2 phases of one delay circuit at an odd
stage of the differential ring oscillation unit are at the same
predetermined level;

a second switch that sets, to the specific potential, one of
the output signals of 2 phases of the delay circuit delaying the
input signals of 2 phases, when the second common-mode
level detection unit detects the same predetermined level; and

a processing unit that 1s supplied with the signals extracted
from the differential ring oscillation unit as a clock.

(8)
An oscillation control method 1including;:

extracting input signals of 2 phases of one delay circuit at
an even stage from a differential ring oscillation unit 1n which
delay circuits delaying and outputting the signals of 2 phases
are connected at even stages 1n a ring form, and setting one of
the output signals of 2 phases of the delay circuit delaying the
input signals of 2 phases to a specific potential, when 1t 1s
detected that the input signals of 2 phases are at a same
predetermined level; and

extracting iput signals of 2 phases of one delay circuit at
an odd stage of the differential ring oscillation umt, and
setting one of the output signals of 2 phases of the delay
circuit delaying the mput signals of 2 phases to the specific
potential, when it 1s detected that the input signals of 2 phases
are at the same predetermined level.

It should be understood by those skilled in the art that
various modifications, combinations, sub-combinations and
alterations may occur, depending on design requirements and
other factors, insofar as they are within the scope of the
appended claims or the equivalents thereof.

The present disclosure contains subject matter related to
that disclosed in Japanese Priority Patent Application JP
2012-186725, filed 1n the Japan Patent Office on Aug. 27,
2012, the entire content of which is hereby incorporated by
reference.

What 1s claimed 1s:

1. A differential ring oscillation circuit comprising:

a differential ring oscillation unit in which delay circuits, to
which signals of 2 phases are input, and which delay and
output the 1mput signals of 2 phases, are connected at
even stages 1n a ring form;

a first common-mode level detection unit that detects that
the mput signals of 2 phases of one delay circuit at an
even stage of the differential ring oscillation unit are at a
same predetermined level;

a first switch that sets, to a specific potential, one of the
output signals of 2 phases of the delay circuit delaying
the mput signals of 2 phases, when the first common-
mode level detection unit detects the same predeter-
mined level;

a second common-mode level detection unit that detects
that the 1nput signals of 2 phases of one delay circuit at
an odd stage of the differential ring oscillation unit are at
the same predetermined level; and

a second switch that sets, to the specific potential, one of
the output signals of 2 phases of the delay circuit delay-
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ing the mput signals of 2 phases, when the second com-
mon-mode level detection unit detects the same prede-
termined level.

2. The differential ring oscillation circuit according to
claiam 1, wherein the specific potential set by the first and
second switches 1s a ground potential.

3. The differential ring oscillation circuit according to
claim 1, wherein the first and second common-mode level
detection units are configured as adders that add the mput
signals of 2 phases.

4. The differential ring oscillation circuit according to
claim 1,

wherein the first and second common-mode level detection
units include first and second transistors that are turned
on or oif according to levels of the input signals of
respective phases, and

wherein the first and second switches include a third tran-
sistor that 1s turned on when states of both of the first and
second transistors are 1dentical.

5. The differential ring oscillation circuit according to
claim 1, wherein the first and second common-mode level
detection units are configured as NOR gates.

6. The differential ring oscillation circuit according to
claim 1,

wherein the delay circuits included in the differential ring
oscillation units are configured as current mode logics
including a current source, and

wherein the specific potential set by the first and second
switches 1s a potential of the current source.

7. A device comprising:

a differential ring oscillation unit 1n which delay circuits, to
which signals of 2 phases are input, and which delay and
output the mput signals of 2 phases, are connected at
even stages 1n a ring form;

a first common-mode level detection unit that detects that
the mput signals of 2 phases of one delay circuit at an
even stage of the differential ring oscillation unit are at a
same predetermined level;

a first switch that sets, to a specific potential, one of the
output signals of 2 phases of the delay circuit delaying
the input signals of 2 phases, when the first common-
mode level detection unit detects the same predeter-
mined level,;

a second common-mode level detection unit that detects
that the 1input signals of 2 phases of one delay circuit at
an odd stage of the differential ring oscillation unit are at
the same predetermined level;

a second switch that sets, to the specific potential, one of
the output signals of 2 phases of the delay circuit delay-
ing the iput signals of 2 phases, when the second com-
mon-mode level detection unit detects the same prede-
termined level:; and

a processing unit that 1s supplied with the signals extracted
from the differential ring oscillation unit as a clock.

8. An oscillation control method comprising:

extracting input signals of 2 phases of one delay circuit at
an even stage from a differential ring oscillation unit 1n
which delay circuits delaying and outputting the signals
of 2 phases are connected at even stages 1n a ring form,
and setting one of the output signals of 2 phases of the
delay circuit delaying the mput signals of 2 phases to a
specific potential, when 1t 1s detected that the input sig-
nals of 2 phases are at a same predetermined level; and

extracting input signals of 2 phases of one delay circuit at
an odd stage of the differential ring oscillation unit, and
setting one of the output signals of 2 phases of the delay
circuit delaying the input signals of 2 phases to the
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specific potential, when 1t 1s detected that the 1input sig-
nals of 2 phases are at the same predetermined level.
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